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Magnetotransport properties of spin-glass-like Ge1-x-ySnxMnyTe mixed crystals with chemical composition
changing in the range of 0.083≤ x≤ 0.142 and 0.012≤ y≤ 0.119 are presented. The observed negative mag-
netoresistance we attribute to two mechanisms i.e. weak localization occurring at low fields and spin disorder
scattering giving contribution mainly at higher magnetic fields. A pronounced hysteretic anomalous Hall
effect (AHE) was observed. The estimated AHE coefficient shows a small temperature dependence and is
dependent on Mn-content, with changes in the range of 10−7<RS < 10
−6 m3/C. The scaling law analysis has
proven that the AHE in this system is due to the extrinsic mechanisms, mainly due to the skew scattering
accompanied with the side jump processes.
PACS numbers: 72.80.Ga, 75.40.Cx, 75.40.Mg, 75.50.Pp
Keywords: spintronics; semimagnetic-semiconductors; ferromagnetic-materials; electronic-transport
I. INTRODUCTION1
Semiconductor spintronics is being intensively studied2
for the last two decades. Magnetic order due to carrier3
induced magnetic interactions was observed in many con-4
ventional III-V, II-VI and IV-VI compound semiconduc-5
tors such as transition metal doped PbSnTe, GaAs and6
other diluted magnetic semiconductors.1–3 The presence7
of carrier induced magnetic interactions with room tem-8
perature magnetic ordering is needed for making use of9
diluted magnetic semiconductors in semiconductor spin-10
tronics. The Curie temperature of the most intensively11
studied and technologically mastered semimagnetic semi-12
conductor Ga1-xMnxAs does not exceed 185 K (Ref. 4),13
which excludes the practical application of this mate-14
rial. It is therefore necessary to look for alternative com-15
pounds that can operate at room temperature.16
Semimagnetic semiconductors based on IV-VI group17
of periodic table, in particular Ge1-xTMxTe alloys (TM18
- transition metal) are perspective and intensively stud-19
ied materials5–7 due to appearance of carrier mediated20
ferromagnetism with high Curie temperatures reaching21
200 K in Ge1-xMnxTe with x=0.46 (see Ref. 8). GeTe is22
a narrow gap semiconductor with Eg =0.23 eV (Ref. 9)23
crystallizing in rhombohedrally distorted NaCl structure.24
Ge1-xTMxTe alloys can be considered as multiferroics,25
since ferroelectric order is introduced via rhombohedral26
distortion. Negative magnetoresistance26 and anomalous27
Hall effect11 are usually significant and widely observed28
in these materials. It is therefore necessary to bring this29
subject into considerable attention. Moreover, alloying30
of GeTe with SnTe should cause the alloy to change its31
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electrical and optical properties, which is important in32
view of possible control of magnetic properties of IV-VI33
based semimagnetic semiconductors.34
The present paper extends our previous investiga-35
tion of structural and magnetic properties of GeMnTe-36
SnMnTe system12–14 by an extensive study of magneto-37
transport properties. In this paper, we have made an38
analysis of the negative magnetoresistance occurring in39
the GeMnTe-SnMnTe system below the temperature of40
the transition to the spin glass state, TSG. This effect41
can be well described by the existing theory of the spin-42
disorder scattering magnetoresistance and can be corre-43
lated with the magnetization of the studied material. Ad-44
ditionally, we have found a strong anomalous Hall effect45
(AHE), showing hysteresis in our samples. The estimated46
values of AHE coefficient, RS , show a weak temperature47
dependence at T ≪TSG, at the same time they strongly48
depend on the chemical composition of the samples.49
II. SAMPLE CHARACTERIZATION50
The samples being the subject of the current re-51
search are bulk crystals grown using a modified Bridgman52
method. The modifications of the growth procedure are53
similar to those applied by Aust and Chalmers for the54
growth of alumina crystals15 and consist of the installa-55
tion inside the growth furnace of additional heating ele-56
ments creating a radial temperature gradient. It allows57
the modification of the slope of the crystallization plane58
by about 15 deg. The used modifications were proven as59
an effective tool for decreasing the number of the crystal60
blocks in the as grown ingots from a few down to one or61
two.62
The as grown ingots were cut into thin slices (typically63
around 1 mm thick) perpendicular to the growth direc-64
2TABLE I. Results of a basic characterization of
Ge1-x-ySnxMnyTe samples including the chemical com-
position x and y, the Hall carrier concentration n (measured
at T =300 K), and the spin-glass transition temperature
TSG.
x y n [1021 cm−3] TSG [K]
0.105± 0.01 0.012± 0.001 1.3±0.1 9.78±0.06
0.112± 0.01 0.031± 0.01 1.4±0.1 42.12±0.12
0.119± 0.01 0.031± 0.01 1.5±0.1 19.97±0.19
0.142± 0.01 0.034± 0.01 1.8±0.1 21.15±0.04
0.090± 0.009 0.039± 0.004 1.3±0.1 41.04±0.13
0.094± 0.01 0.079± 0.008 1.1±0.1 45.20±0.23
0.091± 0.009 0.094± 0.009 3.3±0.2 34.46±1.01
0.091± 0.009 0.115± 0.01 4.1±0.2 30.36±0.97
tion with the use of a precision wire saw. The chemical65
composition of each slice was determined with the use66
of energy dispersive x-ray spectroscopy (EDXRF). The678
maximum relative errors of the EDXRF technique does69
not exceed 10% of the calculated value of x or y. The70
EDXRF data shows a continuous change of the chemi-71
cal composition of the slices along the growth direction.72
Among all the slices only a few have been selected, which73
are featured by: (i) having the lowest relative inhomo-74
geneity within an individual slice and (ii) having Sn and75
Mn content covering the widest possible range of chemi-76
cal compositions. From all our samples we selected a few77
(see Table I) that had chemical composition changing in78
the range of 0.09≤ x≤ 0.142 and 0.012≤ y≤ 0.115.79
The powder x-ray diffraction (XRD) measurements80
were performed at room temperature. The results show81
that all our samples are single phased and are crystallized82
in rhombohedrally distorted NaCl structure, similarly to83
the binary nonmagnetic analog of our material, namely84
the GeTe compound. The XRD data analysis was done85
with the use of Rietveld method and it shows that the86
samples have lattice parameter a≈ 5.98 A˚ and the angle87
of rhombohedral distortion α≈ 88.3◦. These are simi-88
lar values to those well established for GeTe system.1689
It should be noted that the lattice parameter is a de-90
creasing function of the Sn or Mn amount in the sample.91
However, since we have two different substitutional ions92
in the alloy, it is difficult to perform a detailed analysis93
of the results.94
The magnetic properties of our Ge1-x-ySnxMnyTe sam-95
ples were studied extensively and the details can be found96
in Refs. 12–14. The main conclusions drawn from our97
previous investigation are the following:98
• All of the studied samples show magnetic transition99
at temperatures below 50 K. The ac-susceptibility100
studies revealed that the spin-glass-like state was101
observed with a transition temperature, TSG, gen-102
erally increasing as a function of the Mn con-103
tent 0.012≤ x≤ 0.115 and the carrier concentra-104
tion 1×1021<n< 4×1021 cm−3 in the range of105
10≤T ≤ 50 K. The long-range RKKY interaction106
was found to be the leading physical mechanism107
responsible for the observed magnetic order.108
• A well defined hysteresis loop was observed in all109
our spin-glass-like samples, indicating that the sys-110
tem was not an ideal spin-glass, but consisted of111
the ferromagnetic regions at which spin-glass freez-112
ing occurs for T <TSG).113
• The nonsaturating M(B) magnetization curves114
were observed for T <TSG indicating the presence115
of strong magnetic frustration in our samples.116
III. MAGNETOTRANSPORT STUDIES117
The magnetotransport studies of the118
Ge1-x-ySnxMnyTe samples were performed in the119
standard dc-current six-contact Hall geometry. We120
have used the superconducting magnet with maximum121
magnetic field equal to B=13 T and a sweep speed of122
about 0.5 T/min, equipped with the cryostat allowing123
the control of the temperature of the sample in the124
range of 1.4≤T ≤ 300 K. The samples, cut to size of125
about 1×1×10 mm, were etched and cleaned before126
making electrical connections. The contacts were made127
with the use of gold wire and indium solder. The ohmic128
behavior of each contact pair was checked prior to129
proper measurements. The magnetoresistance and the130
Hall effect were measured simultaneously at selected131
temperatures, covering temperatures both below and132
above magnetic phase transition in the samples.133
III.1. Negative Magnetoresistance134
The isothermal magnetoresistance measurements were135
performed for all our Ge1-x-ySnxMnyTe samples. The136
ρxx(B) curves were obtained by averaging the results137
for positive and negative current. In order to al-138
low simple data presentation the ρxx(B) curves at139
different temperatures were normalized to the zero-140
field resistivity value ρ0 by using the following relation141
∆ρxx/ρxx(0)= (ρxx(B)− ρxx(B = 0))/ρxx(B = 0). The1423
experimental data shows that for all our samples be-144
low the spin-glass transition temperature TSG the neg-145
ative magnetoresistance is observed (exemplary results146
shown in Fig. 1). The magnetoresistance curves at147
T <TSG have negative value without saturation up to148
the maximum magnetic fields (equal to B=13 T) used149
in our experiments. On the other hand at T >TSG only150
positive, classical orbital magnetoresistance with small151
amplitudes (maximum 0.1%) was observed in all our152
samples. The negative magnetoresistance observed at153
T ≤TSG is isotropic. Our results indicate that the ob-154
served negative magnetoresistance is due to the influence155
of the magnetic impurities (present in this system) on156
the carrier transport in the presence of magnetic field.157
This conclusion may be justified by the data gathered in158
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FIG. 1. Magnetoresistance curves obtained at different tem-
peratures (for T =1.4 K experimental data is marked by sym-
bols and theoretical curve is depicted by line) for exemplary
Ge1-x-ySnxMnyTe samples with two different chemical com-
positions.
Fig. 1, where both the magnitude of the observed magne-159
toresistance and the spin-glass transition temperatures,160
TSG are found to be strongly correlated with the amount161
of Mn, y. Inspection of Fig. 2 shows that the magni-162
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FIG. 2. The amplitude of the magnetoresistance observed in164
the studied Ge1-x-ySnxMnyTe samples with different chemi-165
cal composition. The open symbols represents the spin-glass166
transition temperatures, as obtained from the magnetometric167
measurements in Ref. 12.168
169
170
tude of the magnetoresistance obtained at T ≈ 1.5 K is a171
nearly linear function of Mn content, y. Moreover, the172
negative magnetoresistance is diminishing at T >TSG for173
most of our samples, except the crystals with the highest174
Mn content y≥ 0.094. We connect this discrepancy with175
a significant magnetic frustration of the material (which176
is the strongest in samples with high manganese content)177
makes the transition process to extend over TSG. How-178
ever, a detailed data analysis needs to be performed in179
order to clarify the physical mechanism responsible for180
the negative magnetoresistance in our material.181
A number of different physical phenomena might be182
responsible for the negative magnetoresistance of a con-183
ductor doped or alloyed with magnetic impurities. Weak184
localization phenomenon17 is commonly attributed to be185
the mechanism leading to the negative magnetoresistance186
at low temperatures. However, this effect should dimin-187
ish at relatively high magnetic fields used in our experi-188
ments (in our experiments at B≈ 13 T the negative mag-189
netoresistance does not show saturation), where the con-190
structive interference of the wave functions of the free-191
carriers and Mn-impurity d-electrons cannot further di-192
minish. The appearance of negative magnetoresistance193
is usually connected in spin-glasses with the strong sp-194
d exchange coupling.18 Since our system shows features195
characteristic for both spin-glass13 and ferromagnetic12196
materials we should consider its magnetic order to be197
similar to mictomagnetic order, where the spin-glass frus-198
tration is accompanied by microscopic regions where the199
domain structure is formed for T ≤TSG. The magnetore-200
sistance of disordered spin-glass should follow the general201
scaling relation ρxx∝ -αM
2, where α is a proportionality202
constant.18 However, in our case the magnetoresistance203
does not scale with the magnetization according to the204
above relation. Thus, we can conclude that the magne-205
toresistance in our system probably has a different origin206
than it was proposed for canonical spin-glasses.207
The amplitude of the negative magnetoresistance ob-208
served in our samples is similar to that reported for209
Ge1-xMnxTe layers
19 and is most probably due to the210
reduction of spin-disorder in the presence of an applied211
external magnetic field. This is well justified by the fact,212
that the amplitude of magnetoresistance in our samples213
is proportional to the amount of Mn, y. According to de214
Gennes and Fisher20,21 the reduction of the carrier scat-215
tering on paramagnetic moments due to the application216
of the static magnetic field can be expressed using the217
following relation218
ρsd = 2pi
2 kF
ne2
m2Γ2S
h3
nS
[
S(S + 1)− 〈S〉2B,T
]
, (1)
where ρsd is the contribution to the resistivity resulting219
from the spin disorder scattering mechanism, e is the220
elementary charge, kF is the Fermi wave vector, m is the221
electron mass, h is the Planck constant, nS is the density222
of 3d electrons of paramagnetic ions, ΓS =70 eVA
3 (value223
taken for Ga1-xMnxAs from Ref. 22) is an effective factor224
related to the conducting carrier - magnetic ion exchange225
integral and S=5/2 is the spin quantum number of the226
Mn ion. For the system with spin-only ground state Eq. 1227
can be rewritten in the following form228
4ρsd = 2pi
2 kF
ne2
m2Γ2S
h3
nS
〈
1
2
+
[
exp
(−gsµBµ0B
2kBT
)
+ exp
(gsµBµ0B
2kBT
)]−2]
, (2)
where gS is an effective factor (related to the average ef-229
fective magnetic moment per Mn ion), µB is Bohr mag-230
neton and B is the amplitude of the external magnetic231
field. The values of parameters in Eq. 2 were estimated232
from other experimental results. The gS parameter was233
the only fitting parameter. We attempted to fit the ex-234
perimental results, assuming that there exists a positive,235
square contribution to the magnetoresistance in our sys-236
tem, associated with orbital motion of conducting carri-237
ers in the magnetic field. The resulting theoretical curves238
describe the experimental results only for magnetic fields239
B> 1 T. This signifies that at low magnetic fields, an-240
other contribution to the negative magnetoresistance is241
present. It is very likely that the weak localization of242
carriers on the defect states of the crystal lattice is the243
source of this additional contribution to the magnetore-244
sistance. For the above reasons, we repeated the fitting245
to the Eq. 2, limiting it to 1<B< 13 T. Our analy-246
sis was done for the lowest measurement temperatures247
T ≈ 1.4 K, where variances of the fitting parameters had248
the smallest values (due to largest amplitudes of the mag-249
netoresistance). The theoretical curves obtained in this250
way reproduce the experimental results much better. As251
a result of the data analysis we have estimated the gS252
values, which were similar for all our samples and tem-253
peratures and equal to gS ≈ 4.0±0.5 at T ≈ 1.4 K (see254
lines in Fig. 1). The obtained values of gS provide value255
of the magnetic moment m≈ 2 µB/Mn ion. The ob-256
tained magnetic moment values are significantly lower257
than the corresponding value of m=5 µB/Mn ion for258
Mn2+ with S=5/2. These results are consistent with259
the previous estimates carried out on the basis of the260
results of magnetometric measurements (see Ref. 12),261
which yielded in a much smaller magnetic moment of Mn262
ion in Ge1-x-ySnxMnyTe samples. This confirms our ear-263
lier findings that the distribution of Mn ions in the GeTe264
crystal lattice is far from being perfect. The presence of265
antiferromagnetic substitutional-interstitial Mn pairs is266
highly probable in our system which causes a large frac-267
tion of Mn ions to be magnetically inactive. Such effect is268
well known in semimagnetic semiconductors, in particu-269
lar in Ga1-xMnxAs layers,
24 where the antiferromagnetic270
Mn pairs lower the effective magnetic moment of entire271
system of Mn ions.272
III.2. Anomalous Hall Effect273
The magnetic field dependencies of the resistivity com-274
ponent perpendicular to the current and magnetic field275
direction, namely ρxy(B), was measured at several stabi-276
lized temperatures below, near and above the spin-glass277
transition temperatures TSG. Our results indicate clearly278
that, for all Ge1-x-ySnxMnyTe samples, below TSG, the279
ρxy(B) curves show strong anomalous Hall effect (AHE)280
and hysteresis. The exemplary results of the Hall effect281
measurements for selected Ge1-x-ySnxMnyTe samples are282
presented in Fig. 3. The comparison of the magnetomet-283
284
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FIG. 3. Results of the Hall effect measurements for selected286
Ge1-x-ySnxMnyTe samples with different chemical composi-287
tion (see legends) showing strong AHE including (a) hys-288
teretic behavior of the isothermal ρxy(B) curves and (b) high289
field Hall effect showing strong AHE.290
291
292
ric (not shown here - for details see Ref. 12) and magne-293
totransport data shows that the coercive fields obtained294
from both types of measurements coincide with a good295
accuracy. This indicates that in our spin-glass-like sys-296
tem occurs the asymmetric carrier scattering and it can297
be directly linked to the magnetic properties of the al-298
loy. The selected Hall effect curves presented in Fig. 3b299
show that the AHE makes a significant contribution to300
the total Hall effect in this system at T <TSG. As can be301
seen, the Hall effect curves show no linearity even at the302
highest magnetic fields used during the measurements i.e.303
up to B=13 T. This feature is related with the lack of304
the saturation of magnetization in our samples (data not305
shown here, for details - see Ref. 12). In order to quantify306
the strength of the AHE and to estimate the Hall carrier307
concentration and mobility for T <TSG an appropriate308
fitting procedure must be employed.309
The Hall effect in a conductor doped with magnetic310
ions, in its magnetically ordered temperature region,311
shows the usual Lorentz term RHB and a second contri-312
bution, namely AHE, caused by the asymmetric carrier313
scattering. The AHE is due to the spin-orbit coupling in314
the presence of spin-polarization (for details see Ref. 23315
and references therein). The AHE term in some cases316
dominates the total Hall effect below the Curie temper-317
ature, thus making the precise estimation of the carrier318
concentration and mobility very difficult. The magnetic319
5field dependence of the Hall resistivity tensor component320
ρxy in the standard six contact Hall geometry can be321
expressed using the following relation322
ρxy(B) = RHB + µ0RSM, (3)
where RH and RS are the normal and anomalous Hall co-323
efficients, µ0 is the magnetic permeability constant, and324
M is the magnetization of the sample. Both the ordinary325
and anomalous Hall coefficient can be extracted from the326
total Hall effect with the knowledge about the magnetic327
field dependence of the magnetization at given temper-328
atures. The use of the M(B) curve is crucial especially329
for a system in which the magnetization does not show330
saturation even at relatively high fields B=9 T. In such331
a system the AHE term gives a contribution that is not332
constant as a function of the magnetic field and not only333
the ordinary term of the Hall effect affects the ρxy(B)334
dependence and causes it to be an increasing function of335
the applied magnetic field. Thus, an elaborated fitting336
procedure needs to be employed in order to quantify the337
Hall effect data i.e. to precisely calculate the RH and µ338
at low temperatures T <TSG.339
In order to properly quantify the strength of the ob-340
served AHE and to calculate the Hall constant and car-341
rier mobility a fitting of the data to the Eq. 3 was per-342
formed. The least square fits of the experimental mag-343
netic field dependencies of the off-diagonal resistivity ten-344
sor component ρxy(B,T ) and the isothermal magnetiza-345
tion curves M(B) to the Eq. 3 were performed. The346
fitting procedure for the ρxy(B,M(B))|T=const function347
was done with the use of Minuit functional minimaliza-348
tion package25 in two steps. At first, both the ordinary349
and anomalous Hall constants were taken as the fitting350
parameters. The first series of least-square fits gave sim-351
ilar values of the ordinary Hall constant RH . This is a352
reasonable result, since our samples show a metallic-like353
resistivity vs. temperature dependence. Thus, since no354
thermal activation of the conducting holes to the valence355
band occurred, one should not observe any temperature356
dependence of the Hall carrier concentration. After the357
first series of fits was done for the data acquired at sev-358
eral constant temperatures the average value of the RH359
was calculated. The Hall carrier concentrations obtained360
from the average value of RH (see Table II) were around361
n≈ 1021 cm−3, which is a value typical of GeTe based362
semiconductors. The low temperature carrier mobility363
was found to have rather low values µ< 15 cm2/(Vs).364
During the second series of fits only the anomalous365
Hall constant RS was taken as a fitting parameter. The366
obtained values of RS presented as as a function of367
temperature for the studied Ge1-x-ySnxMnyTe samples368
with different chemical composition (see legends) do not369
show any large temperature dependence. The average370
values of RS obtained for our samples are gathered in371
Table II. The values of RS obtained in this work are3723
higher than the ones reported for other IV-VI based di-374
luted magnetic semiconductors such as Sn1-x-yMnxEryTe375
and Ge1-x-yMnxEuyTe.
11,26 The RS values indicate that376
TABLE II. Results of the fitting of the experimental Hall
effect data to Eqs 3 and 4 including the low temperature
(valid for T <TSG) estimate of the Hall constant RH , the
Hall carrier mobility µ, the anomalous Hall constant RS, and
the scaling coefficient nH . The errors were calculated as mean
square deviation.
x y RH µ RS nH
[10−9 m3/C] cm2/(V·s) [10−7 m3/C]
0.105 0.012 7.2±0.6 7.0±0.2 7.2±0.5 1.2±0.1
0.112 0.031 6.5±0.4 5.0±0.5 19±2 1.2±0.1
0.119 0.031 6.0±0.3 4.2±0.5 9.5±0.5 1.2±0.1
0.142 0.034 6.7±0.4 4.0±0.3 5.3±0.4 1.3±0.1
0.090 0.039 8.1±0.6 25±2 5.0±0.3 1.2±0.1
0.094 0.079 6.0±0.4 5.3±0.4 4.2±0.3 1.1±0.1
0.091 0.094 3.2±0.3 3.0±0.2 11±1 1.2±0.1
0.091 0.115 8.3±0.5 14±1 9.7±0.8 1.1±0.1
in the case of Ge1-x-ySnxMnyTe crystals, in which the377
Mn content was smaller than y=0.05, there is a relation-378
ship between the chemical composition and the values of379
RS . There is a drop in the RS with the increase of the380
amount of Sn ions in the alloy. The observed trends in RS381
with both x and y are similar to the trends in the coer-382
cive field HC with the amount of Sn and Mn (not shown383
here, for details see Ref. 12), and therefore a change of384
the domain structure of the material, which could have385
a significant impact on the asymmetric scattering of car-386
riers, leading to the AHE. It should be noted, that no387
significant temperature dependence of the AHE coeffi-388
cient RS was observed, in agreement with the results389
reported for other IV-VI semiconductors11. A strong de-390
creasing RS(T ) dependence was observed in only two of391
our samples i.e. the crystals with x=0.090, y=0.039 and392
x=0.091, y=0.115. The reason for this decrease is not393
understood. The Hall carrier concentration for these two394
samples is the lowest and the Hall carrier mobility is the395
highest among all our samples, which might have a ma-396
jor influence on the carrier scattering (since lower carrier397
concentration results from a smaller amount of cation va-398
cancies in this sample) in the material and, consequently,399
on the AHE. In a second group of Ge1-x-ySnxMnyTe crys-400
tals, i.e. those with a high Mn content, the evident in-401
crease in the RS(y) dependence with the increasing y402
was observed. These changes are also correlated with the403
HC(y) relationship, which is a decreasing function of y.404
We can speculate that this could mean that both values405
are somewhat related. This conclusion may be supported406
by the fact that in both groups of crystals a general re-407
duction of RS with an increase of the coercive field of408
the crystal was observed, and therefore the changes of409
the domain structure of the material are likely to be crit-410
ical for explaining the AHE in this material.411
It is a fact well known in the literature, that there412
are two major mechanisms leading to the formation of413
AHE, namely skew scattering and side jump, which414
can be described theoretically and distinguished by ap-415
propriate linear27 and square28 dependencies between416
6the resistivity components ρxy ∝ ρ
nH
xx , 1≤nH ≤ 2, respec-417
tively. In recent years, the explanation of the AHE418
based on the Berry phase theory, was used to de-419
scribe the AHE in Ga1-xMnxAs crystals with a metal-420
lic type of conductivity29. The topological explana-421
tion of the AHE was also employed theoretically for422
IV-VI semiconductors.30,31 The Berry phase theory pre-423
dicts the square resistivity tensor component dependence424
ρxy∝ ρ
2
xx. In view of the fact that the AHE theories pre-425
dict a quadratic scaling relation for two physical mecha-426
nisms leading to the formation of AHE, their differentia-427
tion (by making the scaling analysis of the experimental428
data) is not possible.429
Further analysis of the observed AHE was based on the430
scaling analysis of the resistivity components, ie. scaling431
relationship given by the following equation432
ρxy(B) = RHB + cHρ
nH
xx M, (4)
where cH and nH are the scaling coefficients. This anal-433
ysis enabled the assessment of the dominant scattering434
mechanisms responsible for the observed AHE. Scaling435
relation of the AHE was solved by fitting the experimen-436
tal results to the Eq. 4. The data analysis was performed437
with the same assumption about the normal Hall coef-438
ficient RH as in the previous series of fits. The cH and439
nH constants were taken as fitting parameters. The se-440
lected results of the fitting procedure, together with the441
experimental data, are presented in Fig. 4. Analysis of442
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FIG. 4. The Hall resistivity component ρxy as a func-444
tion of the parallel resistivity component ρxx obtained ex-445
perimentally (points) at a few temperatures for selected446
Ge0.815Sn0.091Mn0.094Te sample and fitted (lines) to the scal-447
ing relation given by Eq. 4. Different points correspond to448
different values of magnetic field.449
450
451
the results indicates a good agreement (with variance452
smaller than 10−12) between the experimental data and453
the theoretical curves given by Eq. 4. As a result of the454
fitting procedure we have estimated the temperature de-455
pendence of the nH scaling coefficient. Due to the high456
complexity of this analysis, it was not possible to obtain457
a smooth temperature dependence of nH . The obtained458
values of nH are contained in the region between 1.1 and459
1.3 for all our samples (exemplary values are presented460
in Table II and Fig. 4). The theories of topological AHE461
predict nH =2 for Berry phase intrinsic mechanism, and462
our values of nH are far from 2. The values of nH indicate463
that the AHE in our Ge1-x-ySnxMnyTe samples was dom-464
inated by the extrinsic skew scattering processes. How-465
ever, the presence of other scattering mechanisms giving466
a small contribution to AHE is also evident in our sam-467
ples. It should be noted, that in the case of crystals with468
a high Mn content in the alloy the smaller values of nH469
were obtained. It might signify that in the high Mn-470
content samples the skew scattering mechanism becomes471
even more pronounced.472
IV. SUMMARY473
To conclude, we have shown the results of magne-474
totransport studies of spin-glass-like Ge1-x-ySnxMnyTe475
samples with chemical composition 0.083≤ x≤ 0.142 and476
0.012≤ y≤ 0.119. Our previous investigations showed477
that the spin-glass-like state appears at temperatures478
lower than 60 K.479
The high-field magnetotransport studies show the480
presence of negative magnetoresistance in the studied481
alloy at T <TSG, with magnitude of the magnetoresis-482
tance being an increasing function of the Mn-content,483
y. Two mechanisms are responsible for the observed484
negative magnetoresistance in our samples, namely weak485
localization and spin-disorder scattering mechanism. A486
strong anomalous Hall effect displaying hysteresis was487
observed in all our samples at T <TSG.488
The AHE coefficient RS was found to be com-489
position dependent, changing in the range of490
10−7<RS < 10
−6 m3/C. The scaling analysis of491
the AHE shows that the extrinsic skew scattering492
mechanism, accompanied with skew scattering, is the493
main physical mechanism responsible for the AHE in494
Ge1-x-ySnxMnyTe crystals.495
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